Introduction
The process of oil extraction within an oil mill involves the workers being exposed to a number of risks: movement of loads, specific postures, high level of noise etc.; among these, one of the least studied is that of the microclimatic conditions within the workplace [2, 3] . By the term "microclimate" we mean the climatic variables within the workplace which cause heat exchanges for those working there [1, 5] .
A comfortable microclimate produces, when we talk of temperature and humidity, a feeling of satisfaction in most people; inappropriate microclimatic conditions, however, even when they do not have pathological effects, can cause physical discomfort and induce lower productivity and situations of danger.
So-called "microclimatic wellbeing" is reached in a simultaneous condition of global comfort, or heat equilibrium of the whole body, and local comfort, or heat equilibrium between the different parts of the body.
The law to which we refer for matters of climatic conditions in work environments is art. 11 and 13 of the D.P.R. 303/1956, updated by D.L. 626 of 1994; from these we can see that control of the microclimate in work environments is important for worker safety and the employer is responsible for risk evaluation in connection with inadequate control of environmental conditions. It's important to specify that the evaluation of microclimatic risk is carried out on the basis of the distinction between "moderate environments" and "extremely hot or cold environments" [6, 12] .
Some authors affirm that the area of oil mills where extraction takes place can be considered "a thermally moderate environment" since the productive processes do not involve particularly stressful thermal conditions; this type of environment, therefore should not affect the health of workers and the evaluation of the microclimate could be limited on the one hand to comparing data on temperature and humidity with standard data from the sector, and on the other taking into consideration the subjective feelings of the workers in the various areas [7] .
However, a more accurate study of the microclimate in these environments, based on data from measuring instruments, can be carried out referring to the European Standard UNI EN ISO 7730:2006.
This Standard bases the procedure for measuring microclimatic comfort in a thermally moderate environment on the direct relationship existing between the heat balance of a person and the corresponding feeling of heat or cold; it is known that the human organism is in equilibrium when the power of the heat generated inside is equal to that exuded into the environment. The system of thermo-regulation, based on external climatic conditions, on the metabolism and on type of clothing, tries to automatically modify the body temperature and the secretion of perspiration to maintain this thermal equilibrium.
The optimum condition is at this point of heat equilibrium, and feelings of growing discomfort are associated with an increased distance from this point of equilibrium.
The heat balance is calculated on the basis of environmental parameters (air temperature, mean radiating temperature, air speed and humidity) and of parameters connected to metabolism, activity, thermal resistance of clothes. This heat balance is strictly related to the so-called index of the mean quality of the microclimatic conditions PMV (Predicted Mean Vote), expressed on a seven point thermal sensation scale shown in Tab. 1 [14] .
Since it is talking about a mean value, PMV takes into account the existence of individual variability; even in a group of people exposed to the same microclimatic conditions, it is, therefore, impossible to characterise an ideal situation that is valid for all.
Consequently, we link a second index to PMV, called PPD (Predicted Percentage of Dissatisfied), which establishes a percentage of people who will feel dissatisfied with the microclimatic conditions under study. The PMV and PPD indexes, referring to global comfort, synthesise all the information necessary to determine and interpret well-being in a thermally moderate environment.
Conditions of local discomfort which, as already stated, originate from an undesired cooling or heating of a part of the body, are generally caused by: a. drafts, b. high temperature difference between head and ankles, c. floors that are too hot or too cold, d. great differences between radiating temperatures. The Standard allows us to determine the risks connected to these types of discomfort, which affects mainly people who have a sedentary or light activity.
On the basis of the above, we examined some of the most representative olive mills in the Puglia Region [8, 9] , in terms of quality and productivity, and inside these, during the process of oil extraction, we measured environmental temperature and humidity and the thermal sensations felt by the workers; the analysis gave a statistic picture including the degree of thermal fatigue of the workers in the oil mills.
Using the technical Standard illustrated above, we later carried out a study of the global comfort conditions in the work areas of the oil mills during oil extraction, creating a numerical code in MATLAB language able to calculate the PMV and PPD indexes and to automatically create graphs for the analysis of thermal sensations and the discomfort of those present inside the working areas.
This research is the continuation of others already carried out by the same authors and granted by MIUR, with the aim of establishing the risks and the forms of prevention within the Apulian olive oil production system [10, 11] .
Materials and methods

Instrumental surveys
As already stated, we measured environmental temperature and relative humidity during extraction operations in two oil mills with discontinuous cycle (indicated below with the letters A-B), with produc-tive capacity varying from 300 to 1200 kg/h of olive oil, and three oil mills with continuous cycle (C-D-E), with production above 1500 kg/h; the mills studied can be considered as representative, in terms of quality and productivity, of the Puglia Region [9] .
For each of these oil mills we analysed the layout, essential to find the areas where the environmental parameters can be considered uniform (mean radiating temperature, relative humidity, temperature and air speed). At the centre of each of these "homogeneous areas" we placed a LSI microclimate monitoring station to capture data, with the following probes: a. hot-wire anemometer BS-V101 The data obtained by the various probes was sent to a LSI six inputs multiple data acquisition device, mod. "BabucM" BSA020, with 5000 samples memory (32 Kb EEPROM), and then to a personal computer for elaboration.
Since the values of the climatic parameters were mainly constant throughout the working day it was decided to limit the testing period to one hour for each "homogeneous area".
We basically considered two "homogeneous areas" for the various oil mills: the storage area for the olives, in an open area connected to the outside, and the internal ones where the extraction process takes place (milling area).
Theoretical study
For the theoretical study of the microclimate we established the PMV using the following formulae from UNI EN ISO 7730: (1) with: Values for these parameters outside these ranges can be used to determine the PMV index which, in this case will only represent an approximate measurement of the microclimatic environmental conditions.
The UNI EN ISO 7730:2006 Standard states that equations (5) and (6) for the calculation of the surface temperature of clothing t cl and the coefficient of convection heat transfer h c respectively are solved with iterative methods.
Given PMV=0, equation (1) allows us to determine the combinations between the environmental parame-ters and those relative to the metabolism, to activity and to clothing that give the workers the feeling of thermal neutrality.
The algorythm for the calculation of PPD, that predicts the percentage of individuals within a numerous group who are thermally dissatisfied, is: PPD = 100 -95 · e -(0.03353·PMV 4 +0.2179·PMV 2 ) (10)
Software code
The algorithms above were implemented in a software code in MATLAB language set up by the authors, that allows the calculation of PMV and PPD and the automatic creation of diagrams of these indexes on the basis of the various parameters that influence the thermal balance of the human organism.
The input data was: -microclimatic parameters (temperature t a and air speed v ar , relative humidity ur, radiating temperature t r ); -parameters relative to the characteristics of the workers (specific metabolic power M, specific power connected to the work done W, thermal resistance of the clothing I cl ). The programme initially calculates the partial pressure of the water vapour present in the air p a , which is determined on the basis of the relative humidity, of the air temperature and of the saturation pressure of the water vapour p sat using the following Technical Physics formulae:
Formulae (8) and (9) therefore allow the calculation of parameter f cl .
The clothing surface temperature t cl and the coefficient of convection heat transfer h c are calculated by successive approximation, applying the iterative algo- rithm of numerical calculation, called "false position", which has the following recursive formulation [4] : (13) With this algorithm, to find the root of the equation y=f(x) (for example "α" in Fig. 1) , we assume an initial approximate solution x k , corresponding to point K(x k ,f(x k )) on the curve. We also consider another point C(c,f(c) ) on the same curve.
The line joining C and K crosses the axis x at point x k+1 , which represents a further approximation of the root α we are seeking. We then take the point K 1 (x k+1 ,f(x k+1 )); the line joining C and K 1 crosses axis x at point x k+2 , another approximation of the root α we are seeking. The procedure is repeated with point K 3 and the line joining C and K 3 . The iterative process finishes when two successive solutions (x i , x i+1 ) of the equation y=f(x) differ with a value inferior to a preestablished quantity.
Having calculated values t cl and h c and solved equations (4), (3), (2), (1) we find PMV; finally (10) allows us to give a value to PPD. Figures 6 and 7 show, respectively, the results of the calculations of PMV and PPD; in the graphs the histograms with vertical lines refer to the olive storage areas, while those with horizontal lines refer to the milling areas.
Results and discussion
These diagrams basically confirm what the workers declared when interviewed, that is a situation of discomfort in the olive storage areas; in these areas the PMV is always negative with a sensation of greater or lesser degrees of cold. The nearest the PMV index came to neutral conditions was in the continuous cycle oil mill D, which is the most modern and best organised of those considered, with an olive storage area connected to the outside, but protected from the wind (PMV = -0.48). The percentage of dissatisfied individuals (PPD) was clearly connected to the PMV values: the further away from conditions of thermal balance, the greater was the PPD.
The PMV indexes calculated for the oil extraction areas of the various oil mills were <+0.5 and therefore show a situation of comfort; the corresponding PPD percentages are all much lower than those for the olive storage areas with a value of <10%.
With the mean values of metabolic activity, ther-mal resistance of work clothing, air speed, relative humidity corresponding to the olive storage areas and the milling areas respectively, the trend of the PMV indexes was simulated on the basis of variations in air temperature t a and of mean radiating temperature t g . For both the above temperatures the following intervals were considered: 6÷12 °C, for the olive storage areas; 12÷18 °C for the milling areas.
The result of these calculations is shown in the three dimensional graphs shown in Figure 8 where you can see the situation of thermal discomfort that develops in the olive storage areas, where the low temperatures create a feeling of cold of greater or lesser intensity (PMV values always lower than the thermal equilibrium).
The graph for the milling area (Fig. 8b) is very interesting. It shows the importance of the analyses of the microclimate of these work areas for the achievement of conditions of comfort and well-being; the surface representing the PMV indexes is between the negative and positive values of the window under examination.
The graph in Fig. 9 , obtained taking the conditions of thermal neutrality (PMV = 0), shows that air temperature is closely linked to radiating temperature, and that, with the mean values registered for the various size areas under consideration, the optimum air temperature must be within the range 12÷15 °C.
Conclusions
The aim of the research was: -recognition of the microclimatic values registered in the work areas during the extraction process in the more significant Apulian oil mills; -the creation and fine-tuning of software for studying the conditions of global comfort in the working environments of these oil mills, based on the procedures of the technical Standard in force. The results obtained from the surveys carried out in the mills studied show the importance of microclimate risk analyses in these environments, since the in- strumental observations and consequent calculations have shown climatic conditions of discomfort in the olive storage areas. In the areas used for oil extraction, however, the data obtained shows acceptable conditions of thermal well-being; the data simulation carried out using the specific software allows us to affirm that the optimum temperature to create a sensation of comfort should be 12÷15 °C.
It should also be said, with reference to the oil mills studied, that the results obtained agree with what the workers declared, that they felt discomfort when they had to work in the olive storage area and when transferring the olives from the storage area to the internal working areas; furthermore, conditions of discomfort were generally found when moving between areas with different values of heat and humidity, and different air speeds.
The software created was useful, in planning new oil mills, for predicting the thermal sensations of the workers or, by measuring conditions using the instruments, for measuring the validity of complaints of discomfort by the workers in existing mills.
SUMMARY
Some oil mills, among the most representative in the Puglia Region in terms of quality and productivity have been considered, and the temperature and humidity of the environment and the sensations of temperature felt by the workers were registered inside them during the process of oil extraction.
Subsequently, a numerical code in MATLAB language was created, able to calculate the PMV and PPD and a study was carried out of the conditions of global comfort in the environment during the oil extraction process.
The results of the surveys carried out in the mills show the importance of microclimate risk analysis in these workplaces, since the instrumental surveys and the calculations have shown that climatic conditions are not comfortable in the olive storage bays. On the other hand, the data from the oil extraction areas shows an acceptable condition of thermal well-being.
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